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Description 



STRUCTURE AND METHOD FOR 
PROVIDING PRECISION PASSIVE 
ELEMENTS 

Background of Invention 

[0001] Field of the Invention 

[0002] The present invention relates to semiconducting inte- 
grated circuits (ICs), and more particularly to a method of 
fabricating a precision passive element, such as a resistor, 
capacitor, diode or transistor, on a semiconductor sub- 
strate. The present invention is also directed to the semi- 
conductor structure that is fabricated from the method of 
the present invention. 

[0003] Background of the Invention 

[0004] In the fabrication of electronic ICs, processing variations 
often prevent the manufacture of precision passive ele- 
ments such as, for example, resistors and capacitors. 
Moreover, the manufacturing controls on processes for 



forming passive elements in complementary metal oxide 
semiconductor (CMOS) chips fall far short of circuit design 
requirements. Industry standard input and output (I/O) 
specifications are tighter than that which can be achieved 
in current manufacturing processing. Manufacturing ex- 
cessive chips and then sorting them for required parame- 
ters is one possible solution; however, this is a costly so- 
lution and it is not consistent with current manufacturing 
techniques. 

[0005] Another solution to the above mentioned problem is to 

use fuses for trimming passive elements. Prior art teaches 
the method of trimming devices based upon circuit test. 
In this method a circuit is tested and then an appropriate 
circuit element selected. In this case, a measurement and 
feedback loop is required as well as a fuse scheme. In this 
case, elements remaining in the circuit after fuse trim can 
cause unwanted parasitic capacitance since they remain 
attached to the main circuit although not active. 

[0006] A third known solution to the aforementioned problem is 
to design active controls into the semiconductor circuitry 
to compensate for manufacturing variability. This ap- 
proach is problematic since the active controls formed 
into the semiconductor circuitry takes up space. More- 



over, this third approach increases complexity of fabricat- 
ing the semiconductor circuitry, and it can lead to trade- 
offs in device performance. 
[0007] Co-assigned U.S. Application Publication No. 

2002/0113297, which is based on U.S. Serial No. 
09/525,088, filed March 14, 2000, represents one current 
advancement in the art of fabricating precision circuit ele- 
ments. In particular, the circuit elements are fabricated as 
part of an integrated circuit assembly. The processing of 
the circuit elements is such to provide a nominal circuit 
element value close in value to the desired value. Addi- 
tional trim circuit elements are joined to the nominal cir- 
cuit element through linl<s. The links are fusible links or 
antifuses. By selectively blowing the fusible links or fusing 
the antifuses, trim circuit elements are added or sub- 
tracted to personalize the value of the nominal circuit ele- 
ment. 

[0008] In more general terms, U.S. Application Publication No. 
2002/0113297 discloses the formation of multiple de- 
vices, including one primary device containing additional 
trim elements, in parallel that can be selectively added or 
removed to dial into a targeted performance characteris- 
tic. The foregoing published U.S. Application, however. 



does not describe how to determine whicli devices to se- 
lect. l\/loreover, the parallel circuitry employed in the fore- 
going published U.S. Application can lead to excess ca- 
pacitance. 

[0009] In view of the above, it is an objective of the present in- 
vention to provide a structure and method for providing 
precision passive elements that overcome the shortcom- 
ings of the prior art mentioned above. 
Summary of Invention 

[0010] The present invention provides a set of multiple indepen- 
dent circuits, each entirely independent of the other cir- 
cuits, which are selectable by fuses. In the present inven- 
tion, target parameters are varied over the range of pro- 
cess variability for each independent circuit by varying 
target dimensions, for example. A measurement is then 
taken on a calibration structure on a semiconductor chip 
(or wafer, or lot) and then the most likely appropriate cir- 
cuit element is selected; all other elements are deselected 
and removed from the circuit completely. In the present 
invention, a method for selecting elements is provided to 
insure precision using structures consistent with the de- 
vice specifications for the passive element in question. 

[0011] Typically, only one element per set will be electrically ac- 



live (resistively or capacitively) after the selection and re- 
moval of the other elements of the set. 

[0012] The inventive solution is preferred to the prior art sorting 
process because excess scrap costs are avoided. More- 
over, the inventive solution is preferred to prior art laser 
trimming because only one measurement is necessary for 
a multitude of devices and desired circuitry can be se- 
lected without physical access to each device. With the 
prior art, contact for measurement and trimming would 
need to be done on individual devices. The present inven- 
tion is also an improvement over the prior art method that 
employs an active control in circuitry, as minimal excess 
circuitry is required. Moreover, the present invention is an 
improvement over the technology disclosed in printed 
publication U.S. 2002/0113297 as it results in no excess 
capacitance after the desired device is selected. 

[0013] In accordance with the method of the present invention, a 
first element is formed in a first region of a semiconduc- 
tor substrate. The first element is a passive element, such 
as a thin film resistor, a MIM capacitor or a diode. This 
technique can also be applied to a selection of active de- 
vices such as a precision circuit requiring a precise 
threshold voltage for a FET transistor. Next, a plurality of 



second elements is formed in a second region of tlie 
semiconductor substrate. Tlie plurality of second ele- 
ments includes at least two other elements that are of the 
same type as the first element. Thus, when the first pas- 
sive element is a resistor, the second passive elements in- 
clude a plurality of resistors. The plurality of second pas- 
sive elements includes individual elements that range in 
value about a value of the first element. The plurality of 
second elements is arranged such that the various ele- 
ments behave as a single element in the structure. 

[0014] The value of the first passive element is measured and 
then the measured value is compared to a target value. 
The targeted value represents the value that is required 
for a specific use as defined by a manufacturer and/or a 
customer. After the measuring and comparing steps, at 
least one of the individual elements within the plurality of 
second elements that is likely to best correspond to the 
result of the comparison is selected. The other passive el- 
ements from the plurality of second elements are dese- 
lected and are completely removed from the structure by 
blowing a fuse or fuses. Alternatively, the deselection can 
be achieved by welding antifuses. 

[0015] The values of the second elements are designed to range 



above and/or below some pre-selected nominal or target 
value. A measurement of a calibration structure (the first 
element) is taken and thereafter the element or elements 
closest to the desired value are selected. In one embodi- 
ment in which two elements are designed at the top and 
bottom of the specification range, it is possible to reduce 
the final variability in the circuit element by a factor of 
two. 

[0016] By way of example, if a 100 ohms resistor is desired, a se- 
ries of resistors are designed at 100, 90 and 110 ohms, 
nominally. Next, the actual resistance of a calibration 
structure (the first element) in the inter-chip scribline re- 
gion kerf is measured and the resistor in the actual chip 
that is likely to be closest to the target value is selected; 
the others are removed. This results in a precision of 5%, 
when the manufacturing process has a 10% tolerance. 

[0017] The present invention also provides a structure that in- 
cludes a first passive element located in a first region of a 
semiconductor substrate; and a plurality of second pas- 
sive elements located in a second region of the semicon- 
ductor substrate, wherein said plurality of second passive 
elements is arranged to behave as a single element and 
each second element has a value (resistance or capaci- 



tance) that ranges about a value of a desired target value. 
Brief Description of Drawings 



[0018] FIG. 1 is a simple schematic showing the structure of the 

present invention. 
[0019] FIG. 2 illustrates an exemplary embodiment of the present 

invention wherein three resistors, Rl, R2, and R3 are used 

to form one precision resistor element between nodes A 

and B. 
Detailed Description 

[0020] The present invention, which provides a structure and 

methodology of providing precision elements on a semi- 
conductor substrate, will now be described in more detail 
by referring to the drawings that accompany the present 
application. 

[0021] Reference is made to FIG. 1, which illustrates the basic 
structure that is provided and used in the present inven- 
tion. As shown, the structure 10 includes a semiconductor 
substrate 12 that contains at least a first passive element 
(i.e., reference element) 14 located in a first region 15 of a 
semiconductor substrate 12 and a plurality of second 
passive elements 16a, 16b, 16c, 16etc. located in a sec- 
ond region 17 of the semiconductor substrate 12. The 



plurality of second passive elements 16a, 16b, 16c, 16etc. 
is arranged in a parallel manner such that the various ele- 
ments behave as a single precision element. Each of the 
second passive elements 16a, 16b, 16c, 16etc. are linked 
by fusible links or antifuses (not shown in this drawing). 
[0022] The term "semiconductor substrate" is used in the present 
invention to denote any semiconductor material including, 
for example. Si, SiGe, SIC, SiGeC, GaAs, InAs, InP and 
other lll/V compound semiconductors. Semiconductor 
substrate 12 may also comprise a layered semiconductor 
such as Si/SiGe, a silicon-on-insulator (SOI) or a SiGe- 
on-insulator (SGOl). In some embodiments of the present 
invention, it is preferred that the semiconductor substrate 
12 be composed of a Si-containing semiconductor mate- 
rial. The semiconductor substrate 12 may be doped, un- 
doped or contain doped and undoped regions therein. The 
semiconductor substrate 12 may be used in forming 
CMOS devices, bipolar devices or a combination of CMOS 
and bipolar devices. The exact types of devices that are 
formed are not critical to the present invention so long as 
the final structure requires a precision passive element 
therein. 

[0023] The term "passive element"is used in the present inven- 



tion to denote any integrated passive device including a 
resistor, a capacitor, or inductor. Active devices, sucli as 
transistors can be used as well. 
[0024] The types of the passive elements are not important so 
long as each passive element within the structure is the 
same type, i.e., the first passive element and the plurality 
of second passive elements are composed of the same el- 
ement. In one preferred embodiment, which will be out- 
lined in more detail below, the passive elements are resis- 
tors. 

[0025] The passive elements (14 and 16a, 16b, 16c, 16etc.) are 
formed utilizing any conventional process that is capable 
of forming a passive element. 

[0026] The active devices are formed utilizing conventional pro- 
cesses as well. 

[0027] The number of second passive elements contained within 
the plurality of second elements may be variable so long 
as at least two or more, preferably three or more, are 
present. The plurality of the devices allows for a definite 
level of precision, as more elements are added, more pre- 
cision can be obtained. In the example below, three pas- 
sive resistors, are shown. In accordance with the present 
invention, each individual passive element with the plural- 



ity of second passive elements has a value (i.e., resistance, 
or capacitance) that ranges about a value of the desired 
target value. 

[0028] The value of the first passive element within the structure 
can vary depending on the type of passive element em- 
ployed. 

[0029] The range of values of the second passive elements may 
vary across a wide range that is nominally equal to the 
value of the desired target, less than the value of the de- 
sired target, and/or greater than the target value. When 
the individual element of the second passive element is 
nominally less than the value of the target, the value of 
the second passive element can be from about 1 to about 
30 %, preferably from about 5 % to about 20 %, less than 
the value of the target. When the individual element of the 
second passive element is greater than the value of the 
first passive element, the value of the second passive ele- 
ment can be from about 1 to about 30 %, preferably from 
about 5 % to about 20 %, greater than the value of the tar- 
get. 

[0030] In one embodiment of the present invention, the plurality 
of second passive elements comprise an element that has 
a value that is about equal to the value of the target, an 



element having a nominal value of about 10 % less than 
the value of the target, and an element having a nominal 
value that of about 10 % greater than the value of the tar- 
get. 

[0031] After providing the first and second passive elements 
within the semiconductor substrate 12, the value of the 
first passive element 14 is measured using techniques 
that are well known to those skilled in the art. The tech- 
nique used to measure the value of the first passive ele- 
ment is dependent on the type of element used. For ex- 
ample, when a resistor is employed as the first passive el- 
ement, a parameter analyzer can be used to measure its 
resistance. When a capacitor is employed as the first pas- 
sive element, an LCR meter can be used to measure its 
capacitance. A parameter analyzer can be used to mea- 
sure the threshold voltage or transconductance of first el- 
ement when it is a transistor and a parameter analyzer can 
be used to measure the forward voltage of a diode. 

[0032] The measured value obtained is then compared to a target 
value desired by a manufacturer or customer, which meets 
a predetermined specification. The comparison can be 
performed manually or an electronic comparison can be 
used. 



[0033] After comparing the measured value of the first passive 
element to a targeted value, at least one individual ele- 
ment within the plurality of second passive elements is 
selected that is most likely to correspond to the desired 
target value. The other individual elements within the plu- 
rality of second passive elements are deselected and can 
be removed by blowing the fusible links or by fusing the 
antifuses that are present in the plurality of second ele- 
ments. The fusible link and antifuses are made of materi- 
als well known to those skilled in the art and the blowing 
or fusing of the specific material is performed using tech- 
niques that are also well known in the art. 

[0034] In one embodiment of the present invention, when the 

measured value of the first element is greater than a tar- 
geted value, the individual element having a nominal value 
of about 10 % less than the target value is selected. In an- 
other embodiment of the present invention, when the 
measured value of the first element is less than a targeted 
value, the individual element having a nominal value of 
about 10 % greater than the target value is selected. 

[0035] The method of the present invention, which has been de- 
scribed above, provides a means for forming a precision 
element on a semiconductor substrate. 



[0036] In applications wliere a precision circuit element is re- 
quired in an interconnect assembly, a plurality of circuit 
elements are formed that are linked together by fusible 
links, with each circuit element being designed with an 
offset in its designed electrical parameter. The fusible 
links allow any one of the plurality of circuit elements to 
be selected as the final circuit element. 

[0037] In one embodiment, a reference circuit element is fabri- 
cated under the same conditions and at the same time as 
the desired precision circuit elements. The reference cir- 
cuit element is tested to determine its actual component 
value of the electrical parameter and which circuit element 
is selected for use. One or more reference circuit elements 
may be formed for a large group or number of precision 
circuit elements. 

[0038] As a first illustrative embodiment, FIG. 2 shows three re- 
sistors, Rl, R2 and R3 which are used to form one preci- 
sion target resistance between nodes A and B, a first re- 
sistor R2 nominal targeted for the nominal target resis- 
tance, a second resistor Rl which is offset with a higher 
resistance than the target resistance, and a third resistor 
R3 which is offset with a lower resistance than the target 
resistance. In FIG. 2, reference numeral 20 refers to the 



fusible links or the antifuses. 
[0039] If the manufacturing process produces a reference resistor 
R (not shown) that is below the target resistance by an 
amount that is equal to more than half the offset between 
the resistors, then the Rl resistor is selected for use, and 
the other two resistors are isolated from the circuitry by 
blowing the fuses connected in series with the other two 
resistors. Similarly, if the manufacturing process produces 
a reference resistor R (not shown) that is above the target 
resistance by an amount that is equal to more than half 
the offset between the resistors, then the R3 resistor is 
selected for use, and the other two resistors are isolated 
from the circuitry by blowing the fuses connected in series 
therewith. 

[0040] By one of example, if a final variability of better than ±8 % 
is required and the normal process variability was ±20 %, 
three elements could be used, one targeted at the nominal 
parameter value, another targeted at +13.3 % and the 
third targeted at 13.3 %. Regardless of where the normal 
±20 % process variation was running, one of the elements 
would be within 7 % of the target value. 

[0041] In general, by using the method of the present invention 
the process variability can be reduced by a factor of the 



number of offset elements formed; selecting between two 
elements improves the process window by a process of 2, 
selecting three between three elements improves the pro- 
cess window by a factor of 3, ...etc. The preferred target 
offset expressed as a fraction of the process viability in 
either direction around nominal is 2/N, where N is the 
number of off-setting elements within the plurality of 
second passive elements. For odd numbers of elements, 
there would be one element at the nominal targeted value 
and the next elements would be offset 2/N of nominal in 
either direction. For even numbers of circuit elements, no 
circuit element is formed at the nominal value, the two 
circuit elements are spaced 2/N apart, centered about the 
nominal target value (each 1/N from the nominal target 
value) and additional circuit elements, if any, are offset 
2/N from the first two circuit elements. 
[0042] While the present invention has been particularly shown 
and described with respect to preferred embodiments 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in forms and details 
may be made without departing from the scope and spirit 
of the present invention. It is therefore intended that the 
present invention not be limited to the exact forms and 



details described and illustrated, but fall within the scope 
of the appended claims. 



